consideration of the biochemical functions of phosphatides. Complete accommodation, however, will not be easy because there is virtually no understanding, at the molecular level, of how phospholipids support enzyme activities, and their mechanisms may be diverse. It is still also unclear whether phospholipids are ever the direct agents of change of enzyme activity in response to normal physiological stimuli. Though frequent allusions are made to conformation changes in enzymes accompanying delipidation and restoration of phospholipids, this reviewer is unaware of any case where lipid-mediated conformation changes have been directly evidenced in a phospholipid-dependent enzyme.
However, conformation changes accompanying removal and restoration of lipids have been observed in serum high-density lipoprotein (Lux et al., 1972) . Finally, as will be shown for glucose 6-phosphatase, many interfering factors may have to be recognized and overcome before the quantitative and qualitative nature of the phospholipid
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dependence of an enzyme can be ascertained or even the fact of its phospholipid dependence firmly established.
Phospholipid constraint
The liver microsomal enzymes glucose 6-phosphatase and UDP-glucuronyltransferase are specifically constrained by phospholipids (Zakim, 1970; Vessey & Zakim, 1971 ; Zakim et al., 1973) . A cautious suggestion of phospholipid constraint was also made for adenylate cyclase (Pohl et al., 1971) . The concept of phospholipids specifically restraining the maximum catalytic activity of enzymes is an intriguing one and the demonstration by Dodd (1973) that cardiolipin will reversibly inhibit isolated mitochondria1 glutamate dehydrogenase in uitro suggests that it is feasible in principle. In practice, however, the reports of specific phospholipid constraint of glucose 6-phosphatase and glucuronyltransferase should be viewed cautiously. Studies in this laboratory have not confirmed the reported inhibition of glucose 6-phosphatase by phospholipids (Zakim, 1970) ; phospholipid classes occurring significantly in microsomal fractions did not inhibit, even at phospholipid/microsomal protein ratios as high as 4. However, phosphatidic acid in comparable amounts inhibited substantially (B. R. Cater, P. Trivedi & T. Hallinan, unpublished work). In addition, evidence will be discussed below for glucose 6-phosphatase being (at least partly) phospholipid dependent. Guinea-pig liver microsomal glucuronyltransferase, assayed with p-nitrophenol or o-aminophenol, is highly latent. However, the latency can be removed by simple mechanical treatments such as Ultra-Turrax blending, sonication and grinding with glass in the frozen state, as well as by phospholipase C treatment (Barry et al., 1974) . In addition, many other procedures, which have not been shown to act primarily by disturbing phospholipid-protein interactions, also activate glucuronyltransferase. These include high-pH treatment, mercurials and UDP-N-acetylglucosamine-Mg*+. Therefore, the possibility that this enzyme is simply structurally latent, by being located on the intracisternal face of the endoplasmic-reticulum membranes, needs re-examining. Evidence purporting to exclude compartmentation of glucuronyltransferase (Vessey & Zakim, 1971) , because its reverse reaction was not detergent stimulated, was reexamined in this laboratory after the reverse reaction was found to be stimulated by Clostridium perfringens phospholipase C (C. Berry & T. Hallinan, unpublished work). It was found that digitonin stimulated the reverse reaction fivefold .
Effects of C-type phospholipases on integral liver endoplasmic-reticulum enzymes
For reasons to be discussed elsewhere (T. Hallinan, unpublished work), substrateselective C-type phospholipases were chosen as the best tools for depleting microsomal fractions of phospholipids, in an initial survey of phospholipid-effects on some integral endoplasmic-reticulum enzymes. Phospholipid hydrolysis was monitored radiochemically in every experiment (e.g. Cater ef al., 1970). However, single-substrate specific enzymes such as phosphatidylserine decarboxylase (Roelofsen &van Deenen, 1973 ) and perhaps in future phosphatidylinositol phosphodiesterase and sphingomyelinase will probably be superior for studying phospholipid effects on some enzymes. Table 1 shows that endoplasmic-reticulum enzymes frequently became unstable at 37°C (or even 20°C) on delipidation of microsomal fractions with phospholipase C. This secondary effect of delipidation is avoided by delipidating with phospholipase C at 5"C, which proved very effective (T. Hallinan, B. R. Cater & C. Berry, unpublished work). However, acidic phospholipids, especially phosphatidylserine, which is a minor (3-5 %) component in microsomal fractions, appear much more difficult to hydrolyse completely than in erythrocyte 'ghosts'. Consequently as much as 50% of the phosphatidylserine and substantial phosphatidylinositide survives even after several hours incubation with Bacillus cereus phospholipase C at 37°C or 5"C(T. Hallinan, B. R. Cater & P. Trivedi, unpublished work) . This may or may not be connected with the incomplete inhibition of four of the endoplasmic-reticulum enzymes when delipidated at 5°C so Another interferingeffect, apparently not previously recognized, arises from the simultaneous activation of enzymes, owing to destruction of their latency, and inhibition, owing to the removal by phospholipase C of phosphatides required for maximal catalytic activity. This seriously complicated the quantitative evaluation of the phospholipid-dependence of glucose 6-phosphatase, and can even create the impression that the enzyme is phospholipid constrained. The net result of these two opposing effects on enzyme activity depends on both the initial degree of latency and the extent of inhibition caused by phospholipid depletion. By treating with phospholipase C after prior removal of latency or by comparing the phospholipase C-treated activity with that in maximally activated (latency fully destroyed) controls, pure B. cereus phospholipase C (+bovine serum albumin), hydrolysing about 90% of the total microsomal phosphatides at 5°C but only about 50 % of the phosphatidylserine, also inhibits glucose 6-phosphate phosphohydrolase by about 50 %. Maximum activity can be virtually completely restored with phospholipid dispersions, especially co-dispersions of phosphatidylserine-phosphatidylcholine (1 : 1, w/w). However, this percentage inhibition is close to the latency of glucose 6-phosphate phosphohydrolase in intact microsomal fractions so phospholipase C treatment (+bovine serum albumin) can be apparently without effect on its activity, if this is compared with the partly latent activity in intact, untreated control microsomal fractions. Other activities of glucose 6-phosphatase are much more latent, with PP,-glucose phosphotransferase and the mannose 6-phosphate phosphohydrolase and glucosamine 6-phosphate phosphohydrolase activities showing 80-90 % latency (Arion et al., 1972) . However, since B. cereus phospholipase C (+bovine serum albumin) only causes 50% inhibition, its net effect on the mannose 6-phosphohydrolase activity of glucose 6-phosphatase is a 2-4-fold activation over the very highly latent activity in intact, untreated control microsomal fractions. The expected inhibition is seen, however, if phospholipase C treatment (+bovine serum albumin) is done after prior destruction of latency. The penultimate interference in assessing the phospholipid dependence of glucose 6-phosphatase is apparently due to delipidation-facilitated inhibition of the enzyme by long-chain fatty acids. Unless treatment with pure B. cereus and crude CI. perfringens phospholipase C enzymes are done in the presence of bovine serum albumin, an additional 40-50% inhibition of glucose 6-phosphatase is seen, calculated on partly latent untreated control activities. However, this is not due to additional phospholipid hydrolysis in the absence of bovine serum albumin and the additional inhibition can be substantially alleviated with detergents as well as with phospholipids. The fatty acids originate by microsomal lipase(s) acting on the diglyceride products of phospholipase C , and it is postulated (B.R. Cater, P. Trivedi & T. Hallinan, unpublished work) that phospholipid removal exposes apolar sites, occupancy of which by fatty acids but not other ampipaths causes additional inhibition of glucose 6-phosphatase. If this proves so, then phospholipids (or detergents) occupying these sites would appear to be functioning as deinhibitors for glucose 6-phosphatase. It may be important to determine whether similar deinhibitor effects underlie the frequent reports for other delipidated enzyme systems, that detergents can substitute for phospholipids in restoring activity (e.g. Martonosi et al., 1968; Attwood et al., 1971 ; Narasumhulu, 1973) .
Finally, even after eliminating some classes which seem predominantly to stimulate residual uninhibited enzyme rather than truly reactivating enzyme inhibited by phospholipid removal (see Roelofsen &van Deenen, 1973) , a range of phospholipid classes partly restore activity of glucose 6-phosphatase delipidated without inactivation and assayed without inhibitors (B. R. Cater, P. Trivedi & T. Hallinan, unpublished work). However, we are unprepared yet to accept that this result reflects the true qualitative phospholipid requirement of the enzyme. In microsomal fractions where a large proportion of the normal complement of minor phosphatides such as phosphatidylserine survive even B. cereus phospholipase C, inhibition of phosphatidylserine-dependent enzymes could pos-
